Exploitation of Phylogenetic Distance in Cell Surface Immune Labeling: Studies with Beta2-Microglobulin  by Horton, Jeremy J. et al.
0022-202 X/85/840 1-0096$02.00/0 
T il E JO URNAL 0 1' I NVESTIGATI VE DERM ATOLOGY, 85:96- 99, 1984 
Copyri ght © 1985 by T he Willia ms & Wilkins Co. Vol. 85, N o . 2 Printed in U.S.A. 
Exploitation of Phylogenetic Distance in Cell Surface Immune Labeling: 
Studies with Beta2-Microglobulin 
JEREMY J. HORTON, B .Sc., M.B., M.R.C.P., COLIN A. HOLDEN, B.Sc., M.B., M.R.C.P., 
PHrLLIP J. WARD, B.Sc., M .Sc., DONALD M. MACDONALD, M.A., M.B ., F.R.C.P., AND 
ARNOLD R. SANDERSON, B.Sc., PH.D ., D.Sc. 
Laboratory of Applied Dermatopathology (JJH, CAH, DMM), and MRC Immunology Team, lnterlab, Medical S chool (PJW, ARS), Guy's 
Hospital, London, U.K. 
Beta2-microglobulin (,82M) is part of the HLA mole-
cule, and is found on the cell surface of human nucleated 
cells. In certain skin tumors, malignant change has been 
associated with a loss of this surface .B2M, indicating a 
possible diagnostic value for this marker. At present 
,B2 M is best identified in paraffin-embedded tissue by 
means of a triple-layer peroxidase-antiperoxidase tech-
nique, using mammalian polyclonal antisera. 
Recently a polyclonal antiserum against human ,B2 M 
has been produced in chickens. Because of the phyloge-
netic differences between the species, the resulting anti-
serum is likely to recognize more epitopes on the ,B2 M 
and show greater sensitivity than antisera raised in 
mammalian species. 
To confirm this hypothesis, the avian antiserum was 
compared to both mammalian polyclonal (rabbit) and 
monoclonal (mouse) antibody in vitro. ,B2 M fixed to plas-
tic surfaces combined with more avian than mammalian 
antibody. Furthermore, insolubilized chicken antibody 
could bind more secondary antibody-horseradish per-
roxidase conjugate than could insolubilized mammalian 
antibody, thus showing even greater enhancement with 
this system. 
Immunohistochemical analysis of these systems con-
firmed that the chicken strategy has greater sensitivity, 
and can be used in an indirect system with consequent 
reduction in nonspecific background activity. It is the 
most suitable technique for the investigation of the dis-
tribution of ,B2 M in paraffin-embedded tissue. 
Beta2-microglobulin (/32M) occurs on the surface of all nu-
cleated human cells as the invariant low-molecular-weight poly-
peptide chain, associated with the highly polymorphic alpha 
chains of the HLA-A, HLA-B, and HLA-C antigens. The 
expression of /)2M is determined by a different chromosome but 
is obligatory for normal cell surface expression of the HLA 
antigens [1] . A decrease or absence of iJ2M on the surface of 
several malignant sk in tumors has been reported [2- 6] and it 
has been suggested that the loss of /32M may be a more general 
factor in tumorogenicity [7]. It may therefore be a useful 
indicator in the histologic diagnosis of the nature of different 
skin lesions. 
To date, the tissue loca lization of /32M on cell membranes or 
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Abbreviat ions: 
tJ2M: beta2-microglobulin 
HRP: horseradish peroxidase 
PAP: peroxidase-ant iperoxidase 
PBS: phosphate-buffered saline 
SM CC: succinimidyl-4 -(N -malemidomethyl)cyclohexane-1-ca r-
boxylate 
TBS: Tris-buffered saline 
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within the cytoplasm has been carried out on cryostat sections 
using mouse monoclonal antibodies [5], or on paraffin-em-
bedded tissue using rabbit heterologous antisera [2-4]. In order 
to assess the diagnostic value of iJzM, its distribution in a wide 
range of normal and pathologic tissue requires investigation. 
The development of satisfactory techniques for visualizing iJ2M 
on paraffin-embedded tissue therefore offers considerable ad-
vantages. In particular, a wide range of tissue is available for 
evaluation and fresh specimens under investigation would re-
quire no special tissue fixation at the time of biopsy. 
Indirect immunoperoxidase techniques used in paraffin sec-
tions to label /32M are hampered by a low intensity of specific 
labeling and a high degree of nonspecific background staining. 
More satisfactory results have been achieved using triple-layer 
amplification methods such as the peroxidase-antiperoxidase 
(PAP) tech nique [2]. The triple-layer method, however, suffers 
from reduced specificity as we ll as being more time consuming 
and costly. 
Antisera raised against mammalian an tigens in mammalian 
species will not reveal determinants common to all mammals. 
This also applies to mouse monoclonals, which, while having 
the advantage of exquisite specificity, are likely to react only 
with a single epitope on a single polypeptide chain. Further, it 
is often found that they do not bind well to cell surface mole-
cules in paraffin sections. This may be because they have 
frequently been selected in cloning to detect surface ant igens 
of living cells in aqueous media, which may be modified or 
concealed duri ng fixation and embedding of paraffin sections. 
Alternatively t hey may have low avidity. For t hese reasons 
results using polyclonal or monoclonal mammalian ant isera on 
paraffin-embedded t issue have not been optimal. 
Of course, enzymically derived Fab or F(ab)2 fragments of 
IgG may be used to reduce nonspecific staining by Fc-receptor 
binding. However, we have amply confirmed in our own labo-
ratory (Ward and Sanderson, unpublished data) the observa-
tions of Parham et a! (8] t hat each monoclonal antibody may 
have its own susceptibili ty to enzymes, and no general digestion 
conditions can be defined. We have digested 3 different mouse 
monoclonal lgG antibodies to iJ2M. Optimal condit ions for one 
were almost without effect on another, yet completely broke 
down the third to inactive small peptide fragments. The same 
principle wi ll apply to a polyclonal antiserum viewed as a 
mixture of monoclonal antibodies. The resultant Fab or F(ab)2 
population will not necessarily reflect the activity of the original 
antiserum. Furthermore t he manipulations necessary to pro-
duce active preparations of antibody fragments, which are not 
necessarily always stable, represent a time-consuming and 
often inefficient procedure. 
We have successfu lly employed a different strategy using 
chicken anti -/32M as the first ant ibody in order to improve 
specific sensit ivity and thus resolution of /32M in paraffin 
sections. Antisera raised against products of phylogenetically 
distant species are likely to recognize more epitopes on the 
antigen, thereby producing more sensitive reagents. Also non-
specific binding of avian immunoglobulins to Fe receptors of 
mammalian tissue will be eliminated with consequent reduction 
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of background staining. Antiserum to {l2M was raised in chick-
ens and immunopurified as previously described (8). This re-
agent was used in paraffin-embedded sections of normal skin 
in an indirect immunoperoxidse technique and compared with 
the commercially avai lable rabbit ant i- tl2M antisera used in 
both the indirect immunoperoxidase and the triple-layer PAP 
reaction. 
Whi le t he visual proof of superiority to other techniques is 
clear under microscopic examination, we have also attempted 
to quantify t he increase in sensit ivity using tlzM bound cova-
lent ly to polysaccharide beads or noncovalent ly to a p lastic 
surface as models. It was shown that t hese surfaces can be 
labeled with up to 5 times as much peroxidase using an avian 
first antibody revealed by peroxidase-labeled mammalian an-
tiavian reagent. 
MATERIALS AND METHODS 
Antisera 
Except as noted in Table I, anti-,S2M antibodies were prepared by 
immunoadso rpt ion and acid elut ion from a column of human ,32M 
linked to Sepha rose 4B. Acid eluates (pH 2.8) were immediately neu-
t ra lized a nd gel filtered on Sephacryl S-300 equilibrated in phosphate-
buffered saline (PBS). Ant ibodies were tested for determinant specific-
ity by showing that over 95 % of the prote in reabsorbed on an a nalytica l 
column of ,32M. 
Where antibody fractions were made by salt fractionation or ion 
exchange, the proportion of t he tota l antibody specific for !S2M was 
determined by noting the proportion that bound to a column of pure 
insolubilized ,32M . In compa rison between immunopurified and salt-
fract ionated a ntibodies, appropriate dilutions were made so that exact ly 
t he same concentration of anti-,S2M antibodies were compared in a ll 
cases. 
Rabbit antich icken ant ibody was purified on a column of chicken 
IgG and s imila rly gel filtered. The horseradish peroxidase (HRP) 
conjugate of this antibody was prepared using succinimidyl-4-(N-ma-
lemidomethyl)cyclohexane-1-carboxylate [SMCC; P ierce and Warriner 
(U.K.) Ltd.] as t he protein -protein conjugating reagent. T he conjugate 
was p urified on a column of chicken ant ibody to remove any unconju-
gated enzyme a nd by gel filtration to remove a ny materia l hav ing a low 
enzyme:antibody ra tio. It had previously been shown that HRP was 
stable to the purification procedure. 
C hicken antisera a nd immunopurified chicken antibodies were ob-
ta ined from Serotec Ltd., B lackthorn , Bicester, U.K. 
Rabbi t anti-,S2M, HRP-conjugated swine antirabbit immunoglobu-
lins, swine antirabbit immu noglobulins, a nd PAP were obtained from 
DAKOPATTS, Copenhagen , Denmark. 
TABLE I. Antibody protein (Lowry) captured by {:32M noncovalently 
bound to plastic 
Antibody species" 
Mouse monoclona l MS 
Mouse monoclona l B2 
Mouse monoclonal C2 1 
Mouse monoclonal C23 
Goat" 
Rabbit 1" 
Rabbit 2" 
Sheep 
Rat 
Monkey 
Chicken 
Absorbance 
at 7.50 nm 
0.160 ) 0.250 
0.200 
0.200 
0.380 1 0.500 
0.370 
0.360 
0.310 
0.330 
0.62 
Mean Ratio 
0.203 ± 0.37 1.000 
0.375 ± 0.067 1.850 
0.607 ± 0.015 2.990 
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Im.m.unosorbents 
Both human ,S2M -Sepha rose-4B (,S2M-S4B) and chicken IgG-Se-
pharose-4B were prepa red us ing aminohexyl -Sepharose 4B and glutar-
a ldehyde according to Cambiaso et a l [9] and thus incorporating a 
spacer. ,S2M -S4B to be used for examination of its binding capacity fo r 
various antibodies (Table II) was precycled with 0.5% acetic acid , 
restored to neut ra lity, nonspeci fi cally coated with 0.5 % bovine serum 
albumin in PBS for 2 h at room temperature, a nd then washed with 2 
bed volumes of PBS. 
Preparation of Stained Sections 
P araffin -embedded normal skin sections were dewaxed, dehydrated, 
and incubated with primary ant iserum for 60 min. After washing in 
Tris-buffered saline (TBS) t he sections were incubated with t he appro-
priate secondary antiserum for 30 min, a nd in the case of t he PAP 
reaction for a further 30 min with t he PAP reagent. The method has 
been described previously in a greater detail [10]. 
T he immunoperoxidase activity was identified by incubation with 
3'3-diaminobenzidine with hydrogen peroxide, and the sections were 
counterstained with Mayer's hemalum. 
Serial dilutions of both primary and secondary antise ra were used 
with t he chicken and rabbi t systems. Optimal staining was regarded as 
brown pigment deposition on the cell surface showing an even distri-
bution of intensi ty without obliteration of cytologic deta il (Fig 1). All 
sections were examined by two observers who assessed the labeling 
independent ly. In addition, in histochemical studies we have found 
that t he proper immunologic control (an ant iserum that has been 
qua nt itatively absorbed on its pure insolubilized antigen) failed to 
stain. 
TABLE II. Antibody protein (Lowry) captu.red by ,32M covalently bound 
to polysaccharide (Sepharose 4B) beads 
Antibody Absorbed antibody Ab/,62M (!'g)(± SEM) (molar ratio) 
Mouse monoclonal B2 51 ± 5 0.99 ± 0.10 
C21 27 ± 12 0.52 ± 0.23 
C23 38 ± 5 0.73 ± 0.10 
M8 32 ± 3 0.62 ± 0.06 
Chicken 79 ± 5 1.43 ± 0.09 
Sheep 58± 2 1.11 ± 0.04 
Rabbit 46 ± 3 0.89 ± 0.06 
Excess antibody (200 f.l g in 1 ml PBS) and ,S2M-Sepharose beads (40 
11! 5% suspension in PBS) , prepared as described, were mixed fo r 4 h 
at 21 ·c. Bound antibody (Lowry protein) was calculated by subtraction 
of free ant ibody (determined in centrifuged supernatant) from total 
antibody (determ ined in the absence of immuosorbent beads) . 
" These a ntibodies were IgG fractions prepared by salt a nd ion-
e xchange fractionation from specific antisera. T he goat fra ction was a 
g ift from Dr. J. Bradwell; rabbi t 1 was lgG supplied by DAKOPATTS 
a nd rabbit 2 was IgG from a pool of sera prepa red in our own laborato ry. 
Before adjusting to 0.4 mg/ml specific antibody, the proport ion of tota l 
a ntibody which bound to a ,32M co lumn was determined and a n appro-
priate dilution made. 
FI G 1. This figure demonstrates t he even distribution of pigment 
on the cell membrane without loss of cytologic deta il. 
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Specificity controls are of crucial importance in all these tests. The 
proper control for any immune reagent where an antibody is under 
test, is that reagent quantitatively absorbed on its pure antigen only. 
By the same token, the specificity control for our primary (anti-~2M) 
reagents is to absorb them on pure ~2M. This we have done, as 
mentioned earlier; when immunopurified lgG of chicken antihuman 
~2M (0.5 mg of prote in solution in 0.5 ml PBS) was passed over a 
column (1 ml of Sepharose 4B beads containing 1 mg pure ~.M bound 
by the cyanogen bromide method) of ~2M, the pooled flow-through and 
washing had <5% of the influent absorption at 280 nm. There was no 
staining of cont rol skin sections when incubated in this solution and 
developed with a rabbit antichicken lg-HRP conjugate. In contrast, the 
same sections stained very strongly when incubated with the influent 
solution followed by conjugate. 
RESULTS 
Antibody Capture of {32M Bound Noncovalently to a Plastic 
Plate or Covalently to a Bead (S4B) Surface 
{32M was noncovalently bound to the wall of a plastic p late 
and t he amount of IgG captured after incubat ion with specific 
antibody was determined. Wells of a flat-bottomed plastic plate 
(Cooke, Microtitre), were coated for 1 h at 37oC with {32M from 
150 JLl of a PBS solution containing 3 mg/ml. Wells were 
washed 3 times with PBS. Fifty microliters of purified antibody 
was added at 0.4 mg/ml and incubated at 37oC for 1 h followed 
by washing 3 times. A protein determination was completed by 
addition of 0.2 ml of Lowry protein digestion reagent to each 
well and, after 20-min incubation at room temperature, 20 JLl 
of Folin-Ciocalteau colorimetric reagent. Wells were read for 
absorbance at 750 nm after a further 20 min at room tempera-
ture. Table I shows that the relative proportions of specific 
antibody bound using monoclonals (mean), mammalian poly-
clonals (mean), and polyclonal avian sera were 1:1.85:2.99, 
respectively, and the ratio between mammalian and avian sera 
was 1.62. 
{32M was covalently bound to Sepharose-4B beads using a 
spacer as described, and antibody taken up in saturating the 
immunosorbent was determined. Table II shows the molar 
ratios of antibody to immobilized {32M. Chicken antibody 
showed the highest binding stoichiometry at 1.4:1. Mouse mon-
oclonals (mean), mammalian polyclonals (mean) , and avian 
polyclonal bound in the relative ratios 1.00:1.40:2.00, respec -
tively. These results are essentially similar to those illustrated 
in Table I. 
Analysis of the Antiglobulin (Second Antibody) Reaction on a 
Plastic S urface 
Chicken or rabbit IgG at two concentrations was bound to 
plastic from saline solution, and the binding of appropriate 
antiglobulin conjugated to HRP was examined at various con-
centrations by incubation, after washing, with orthophenyle-
nediamine-peroxide substrate. Results are shown in Table III, 
where it is evident that bound enzyme in the avian system is 
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considerably greater than in the comparable mammalian sys-
tems, with a ratio of 1:3-5 in favor of chicken. 
Analysis of the Antiglobulin Conjugate Reaction to Reveal {32M 
Bound to a Plastic Surface 
{32M was adsorbed to wells of an ELISA (enzyme-linked 
immunosorbent assay) plate at 5 JLg/ml in PBS. Washed wells 
were incubated with 0.1 ml first antibody at 5-40 JLg/ml for 1 
h at room temperature, and rewashed before incubation with 
0.05 ml secondary antibody conjugates at 50 JLg/ml for a further 
1 h at room temperature. Orthophenylene diamine-peroxide 
substrate (0.05 ml) was added to wells and development of color 
at 450 nm observed after 30 min at room temperature. Results 
are shown in Fig 2 from which it can be seen that the chicken 
system is superior, even though t he /J2M is bound to a plastic 
surface, rather than covalently linked to Sepharose beads. 
Histochemical Comparison of Avian and Mammalian Systems 
for Revealing IJ2M in Paraffin Sections 
Initially we compared the indirect reactions using the rabbit 
and chicken antisera. At optimal dilutions (Table IV) the 
chicken antiserum produced highly specific labeling with very 
Optical Density 0.50 
at450 nm 
0.40 
0.30 
0.20 
0.10 
8 12 16 20 24 28 32 36 40 
First Antibody Concentration (ug/ ml) 
FIG 2. ~2M was bound to plastic and incubated with avian or mam-
malian antibodies, as described above. Captured lgG was revealed by 
incubation with appropriate HRP-conjugated antiglobulin. Rabbit anti-
~2M first antibody (e), chicken anti-~2M first antibody (0). 
TABLE IV. Comparative data: concentrations of primary antiserum at 
optimal dilutions 
Method 
Rabbit 
PAPO (DAKO) 
Indirect" (DAKO) 
Chicken 
Indirect" 
"Lowry protein estimation. 
Primary antiserum 
(dilut ion) 
1:50 
1:120 
1:30 (1 mg/ml) 
Concentration of 
primary antiserum 
(mg/ml) 
0.44 mg/ml 
0.183 mg/ml 
0.033 mg/ml 
TABLE III. The xenospecific antiglobulin conjugate reaction on a plastic surface 
P late bound chicken or rabbit lgG 
1st antibody 
at l~tg/ml 
1st ant ibody 
at 5 ~tg/m l 
Secondary antibody conjugate at 50 11g/ml 
Chicken"01 
Rabbit"12) 
Rabbit"131 
Controls*** 
(no 1st antibody) 
50 Ill 
122 ± 23. 
25 ± 6 
58± 11 
18 ± 12d t) 
o!t ) Immunopurified chicken IgG followed by rabbit and antichicken IgG-HRP. 
100 Ill 
168 ± 44 
24 ± 7 
54± 4 
17 ± 2"21 
50 Ill 
324 ± 39 
58± 2 
101 ± 7 
"!21 Rabbit lgG (prepared and purified on a column of ~2M in our own lab) followed by swine antirabbit lgG-HRP. 0131 Rabbit lgG from DAKOPATTS. 
• Optical density at 450 nm. 
<!I) Rabbit antichicken lgG-HRP. 
'
121 Swine antirabbit lgG-HRP. 
"
31 No 1st or 2nd antibody; substrate only. 
100 Ill 
422 ±55 
85 ± 2 
157 ± 18 
3 ± 1' 131 
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little background staining. In contrast, the rabbit antiserum 
showed a very high intensity of background deposition at 
optimal dilution. Furthermore, the concentration of chicken 
antiserum (0.033 mg/ ml) for optimal results was one-sixth that 
of the rabbit antiserum (0.183 mg/ml) (Lowry protein estima-
tion) . Results achieved with the chicken indirect reaction were 
subsequently compared with the rabbit PAP reaction. Again, 
at optimal intensity of staining we found that the chicken 
produced much less background color than did the rabbit. 
DISCUSSION 
The chicken antiserum used in the indirect immunoperoxi-
dase reaction on paraffin-embedded tissue achieved highly spe-
cific labeling. Moreover, the histochemical comparisons showed 
clearly that background staining with the avian antiserum was 
reduced. If this background staining is in part caused by binding 
of first antibody either to Fe receptors, or to other cell surface 
determinants, then we might expect that this would be worse 
with mammalian first antibody than with avian first antibody 
and this was reflected in the histochemical comparisons. The 
two-layer method has the advantage of convenience as well as 
affording greater specificity when compared to t riple-layer 
methods. Furthermore the avian ant iserum could be used at a 
greater dilution and hence economy in the use of reagents was 
possible. 
That this should be the case was clear from the quantitative 
studies. Insolubilized {32M could bind more chicken antibody 
than mammalian polyclonal and monoclonal antibodies. In-
solubilized chicken antibody could bind more secondary anti -
body-HRP conjugate than could insolubi lized mammalian an-
tibody. In Fig 2 it can be seen that the avian indirect system 
performs more effect ively t han t he mammalian indirect system. 
The greater phylogenetic differences in the former system 
increase the number of epitopes that are recognized, leading to 
STUDIES WITH BETA2-MICROGLOBULIN 99 
greater bound antibody:antigen ratios in the presence of an 
excess of the relevant antibody. 
We conclude that the indirect immunoperoxidase technique 
using chicken primary antisera is the most satisfactory method 
for identification of cell surface {32M in paraffin-embedded 
tissue. 
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